by JOEL POPKIN

The Relationship Between New Orders and Nhipments:
An Analysis of the Machinery and Equipment Industries :

THE purpose of this article is to
examine the relationship between new
orders and the shipmentz which they
subsequently generate.! It presents an
economic model that incorporates a
lag between orders and shipments that
varies in length over the course of the
business cycle. This type of model
differs from those based on fixed laps,
which have been used more widely in
economic analysis. The nature of the
variable lag is explained later in the
article.

The present study of new orders and
ghipments is confined to a market
classification—machinery and equip-
ment—which cuts across industry lines.
The machinery and equipment classi-
fication, a category of the new Census
Bureau series, comprises certain parts
of the electrical and nonelectrical ma-
chinery and transportation equipment
industries.”

Although this article does not deal
with fundamental determinants of in-
vestment in equipment, an examina-
tion of the orders-shipments relationship
considered here can help serve another
important purpose. That purpose is
to provide an explanation of the be-
havior of producers’ durable equipment
expenditures, a component of gross

1. Three other studles to which the reader san welally
rafar are: Yietor Zarnowitz,  The Timing of Manufacturers’
Orders Dhuring TBusiness Cycles,” Busines Cpele fndicators,
(lopfroy Moors, Editor (Princeton: Princston Universliy
TPress, 19811, Vol. I, pages 420-618; Mschinery and Aljed
Prlacts Instiiaie, Copiinl Goods Reriew, MNes, 36, 42, aod 57,
Augnst 1068, July 1080, and Mareh 1084; and Walter W,
Jacohs and Genevieve B. Wimsatt, " An Appronch io
Orders Analysia,'" BORYEY 0F CURRENT BusiNEss, Docem-
ber 1840, poges 15-04,

2, BpectBealiy the classifleation is compoesed of machinery,
oxenpt electrieal (exelnding farm machinery and equipment
ond machine shopad; clectrieal machinery (pxcluding house-
hold applisnces, mmmunistion squipment and electronls
eompriental: shipbailding and ropairing, and malroasds
und sirestenr squipment. Date from  Oetober 19688 on-
ward are pablished in Boreau of the Consus, ' Manufse-
turers’ Shipments, Inventories, and Orders” Data for
prevlons manths were supplied on request by the Census
Hurean,
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national product and a key variable in
the prediction of the future course of
overall business activity. Onece the
length of time by which new orders lead
shipments has been extablished, the
analyst should be better able to judge
the time period which must be examined
in order to find the factors that in-
fluence the placement of orders, such as
anticipated profits and sales, and the
utilization of capacity. 1If these factors
can be uncovered, it should then be
possible to complete the chain from the
investment determinants through the
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New Orders and Shipments of Machinery and Equipment Industries

Billions of 193757 Dofars

new orders link to the actual investment »
expenditures.

Though estimated separately and by =
different methods, the producers dur-
able equipment expenditures and the
machinery and equipment shipments
series overlap substantially., However,
the two series differ in coverage in some
important respects. Producers’ dur-*
able equipment includes investment in
cars and trucks, a cyclieally sensitive
expenditure which 12 not part of the
machinery and equipment series. Un-

like producers' durables, shipments
»
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& include exports but exclude imports of
machinery and equipment. Despite
* these differences, the two series have
generally moved similarly in the post-
war period, go that a link between them
should not be difficult to establish.
An examination of the new orders’
lead

Monthly seasonally adjusted data on
new orders and shipments of machinery
, And equipment from 1953 through 1964
are found in chart 13. The data have
been deflated by the BLS wholesale
! price index for machinery and equip-
ment since constant dollar series are
required later in the analysis. This
index differs somewhat in coverage
from the orders and shipments series
s but is the most applieable price index
published. From a study of the chart,
three observations appear relevant.
First, the amplitude of the fluctuations
. in the new orders series is greater than
that in shipments. The mean absolute
= monthly change in new orders is roughly
twice that of shipments. Second, major
directional changes in the new orders
+ series occur before those in the ship-
ments series. Third, new orders zeam to
fluctuate more erratically than ship-
* ments.
None of these observations are sur-
prising. When the economy is con-
+ tracting, decreases in new orders are
not fully transmitted to shipments
since unfilled orders act as a buffer in
* providing a basis for shipments. When
, the economy is expanding, new orders
rise more than shipments. This slower
* advance in shipments may be attrib-
utable either to the desire of manu-
facturers to smooth production or to
“ the limitations of eapacity. In either
. case, unfilled orders again act as a
buffer,

The lead of new orders over ship-
ments, observable from the first chart,
. has varied in length between 4 and 7

months for both peaks and troughs.
*The new orders series peaked out in
. Junuary 1953, 4 months before ship-

ments. The exact peak in orders in

1056 is less clearly discernible. Tt
= appears to have taken place in June, if
. the sharp increase in orders in the last

2 months of 1956, due to the Suez

1.
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crisis, is not considered a peak. On
this assumption, shipments reached
their peak 6 months later, in December
1956. It i= difficult to select the new
orders peak in 1960 because of the
irregular behavior of the series in 1959,
when a major strike occurred in the
steel industry. Since many of the
effects of the strike were probably
worked out by the end of 1959, Decem-
ber of that year could be considered the
peak month. Shipments peaked out in
July 1960, 7 months later.

At troughs, the lead of new orders
over shipments has diminished. In the
19535-54 recession new orders bottomed
out, in March 1954, ¥ months before
shipments. This lead was 5 months
in the 1957-58 recession: new orders
reached a low in February 1958, ship-
ments in July of the same year. In
the 196061 recession new orders were
at a trough in November 1960 while
shipments bottomed out 4 months later,

The leadtimes actually observed can
be decomposed into two parts. The
first is the actual worktime required to
fill an order. Changes in this compo-
nent of the total lead appear to depend
on technological improvements, e.g.,
faster machines, and therefore should

Ratio of Unfilled Orders to Shipments
of Machinery and Equipment Industries
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be long run in character. Another fac-
tor, difficult to assess without detailed
study, which could cause a change in
averare worktime, would be a shift in
the product-mix comprising orders and
shipments. Thesecond part of leadtime
18 that spanning the period between re-
ceipt of an order and the start of produc-
tion on it. This part of the leadtime
depends on demand conditions relative
to capacity. It tends to be subject to
wide eyclical variation but may also
change over the long run. When orders
are placed at a high rate in relation to
capacity or desired levels of operation,
backlogs build up. This buildup tends
to lengthen the time it takes before work
is berpun on orders received subse-
quently. When backlogs fall, work on
incoming orders begins more quickly.
The apparent shortening of leadtime
at the trough of the cycle suggests the
posaibility that the actual workiime re-
quired to fill an order, one part of the
orders’ leadtime, may have become
shorter due to improved technology or
changed product-mix. Such a hypoth-
esis 18 based on the assumption that at
troughs, because of the decline in busi-
ness activity and new and unfilled
orders, leadtimes between receipt of
orders and the start of production are
ghort. On this assumption, changes in
the actual worktime required to fill an
order can be detected with greatest
certainty at that phase of the cycle.

Unfilled orders-shipments ratio
lower

It was noted earlier that unfilled
orders act as & buffer between changes
in orders and shipments. The axtent
to which backlogs act as a buffer de-
pends on their size relative to ship-
ments. In chart 14 the ratios of
deflated unfilled orders to deflated ship-
ments are presented quarterly from
1953 through 1964° A downward

3. The proper daflation of any stock varlable, such as
unfilled orders, reqquires thot the varlous vintages comprising
the wariable be separated and individually deflated. Sines
the Information needed to make the desom pesition of unfilled
orders |s ooe of the objects of the study ltseld, such informa-
tion was not avallable beforeband, ‘Therefors, the method
of deflation nsed wos to divide unfilled orders by the avernge
walue of the BLA wholesals price index for machinery and
equipment for tho § months ending with the date an which
each observatlon on onfilled orders wod taken, A d-month
avernge wid used, sinoe Lhe lead of new arders over shipments
has rarely exeeeded & months.  Of course, use of the average
Implies thot unfilled arders comprise equal smounts of new
arders of the preceding 6 months,
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movement is visible in the ratic over
the period, particulorly in the early
yeors. Three peaks, preceding three
business cycle peaks, nppear in the
series. These ara the first quarter of
1953, prior to the 1953-54 recession;
the first quarter of 1956, prior to the
195758 recession; and the fourth
quarter of 1959, prior to the 1960-81
recession.! [f these peaks in the rutio,
together with the last observation
(1984-IV}, are used to divide ihe entire
period into three subperiods, tha decline
in the ratio can be studied more closely,
Each subperiod reugbly encompasses
a cycle, so that ¢he rotios for sach tend
to reflact secular changs. Between the
first and second peak (10631 through
1956-1) the average ratio of unfilled
orders to shipmenis was 1.54, that is
unfilled orders averaged about one and
one-half quarters. of quarterly ship-
ments. Between the second and third
peak (1956-I1 through 1959-1V)}, the
average ratio was 1.33, o decline of 14
percent. from the preceding subperiod,
During the fiosl subperied (1080-1
through 1964-TV) ¢he nveroge ratio fall
further to 1.12, a Jecline of 16 percant
from the.second subperied, and 2%
peraant from the firad.

Considered by itself, the decline in
the ratio ¢ould he interpreted ns an
indieation that the obnormal demand
conditions of the EKorean War period
ond the subsaquent enpital gooda boom
had snded. Or that produstive capac-
ity had risen enough en that work on
orders could commence sooner and
haeklogs could be reduced. (The 1855
57 capital poods boom did add aub-
stantislly Lo eapasity in  most
industriea} Thus, the decline in the
ratio could reflact solaly & reduction in
tha first part of the aorders lend—the
time betwaen the placement of an order
end the commencement of the work.
Certainly part—parbops  the maojor
part—of the decline in the ratio can bhe
attributed to such o reduction. How-
ever, the sarlier finding that tha lng at
troughs is shortening doea supgest that
the worlctimea required to Sl srdars, an
the avernge, may have follen as wall.

. Tiw onBikO onderi-2bipoments ralls ey hava rechod
a penk prior to L Arst cuesrior of URE3 bat dabk 50 KoL
skl B tho porind bofors INEY.  Efowerer, awem I tio
penk qoprred e fof, Uid ciocl onboes to b dra-«n obont the
raths wonld not D allared.
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A Model Explaining the Orders-Shipmenis Relationship

THE f{cregeing snalysis can be vsed to
develop & model reflaciing the relation-
ship hetween new orders and shipments.,
Estimation of the parameters of this
model ideally will yield coeflicients
which ¢an ba vaed to quantily the noturse
of tha relationship. Omnece thizs is ec-
complished, the model may be testad
o cee how well it forecasts shipments.

In order te understand the structursl
rajobionship batween orders and ship-
ments ang to predict shipments a model
is required in which the coefficients cnn
vary. The made]! should aleo incor-
pocste coafficients whisk behoare in such
o woy as to insure that exactly cll of
the new orders of o time period ulti-
mately sre mangfested in shipmenta.
The remainder of this article will be
devoted to the development and esti-
mation of such a model ond to the
aneiyeis of the results obiained.

In any tims period shipmenis may
be viewed a5 the weighted sum of the
new orders received in past periods.
SBymbolically this can ba stated ns

{1} Shipments,— i}' oy New orders,.

]

The a's are the weiglts and represent

the perceniage of each period’s (“#'s')
naw orders which compriea ourrent ship-
ments. Obviously some &/s have the
volue of mere. If, for example, ail
shipmentz in perivd *“£' represented
orders received 4 months prior to 4"
apy would equal one omd the other
#.'s, zero. If shipments in 4 repre-
santed seme proportion of ordera re-
catved both 4 and 5 menths earlier,
then o, and o, wouid be between zerg
and one end nll other «'s would be
zaro. The sum of «, , and e, nead
not equal ona since each coefficient re-
latee to the orders of a different time
period. If the orders of those two
periods (14" and “4—B") wers very
low relative to the manufacturing ca-
pueity available to fill the orders, it is
possible that tha orders of both monthe

]

could be filled during 1 month. In,
that cnse, both ., and a,; would
agual one.

If iy were 0.5 in the caze juast dis-
cusged, this would be interpreted ns

meaning that 60 percent of the orders *

received 4 months earlier were filled
in the current month.  Assuming that
the 50 percent of ordars of 44"
filled in “#" wera the only orders of
“t4" which had been filled, then 50

b

percent would temain to be filled. *

Thus, in “441" the valve of oy con-
not ¢xcesd 0.5, Since eventually all
of o period's orders must be shipped,
the sum of the various coefficiants of
the orders of ecch pertod must add 4o
one.! An illustrotive example of this

L}

appears in table 1, "

Table 1.—An Example of 8 Fatpern of Ship-
e New Ordess of lﬁl

miewiks Arlal
Huits Placed in Time Periad !
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-
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FProperklon o

I it could be nssumed that each '

prariod’s new orders ware filled in the

same pattern as that in table 1, then .

the prediction of shipments could he
ebtained by simply solving the {ollow-
g equation:

{2) 8,=0.20N,_+0.35¥ s
+0.25N .+ 0.LON, »
+0.05N,_y+ 0.05N ec,

1
[
™

il

where S stands for shipments and N,

new orders. Obvioualy, this etuation

§. This wenghd nat be L 5 some orders werssobieqoenilly

rancsied. Capceintions are distgmod Bier o the arblsk. ¥
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would fail in the real world.since the
coafficients ore not fived but pre con-
stantly changing.' Also, some new
orders terms which are implicitly in the
aquation shove with zero coefficients,
0.2, 0.0,y and 0.0¥,.,, might enter
goma calculations of shipments i their
coefficients became positive becooss of
the shortening or lengthening of tha
leadtime required to Al ortlars,

Sixammonth or lwe-guerter lead sug-
gested

The examination of the shipments
ond orders dnte at pesks and troughs
suggestz that orders lead shipments by
from 4 throogh 7 months.” This lead.
time sugpests the equation

{3:' Sln= ﬂINm—I‘l‘ﬂ'ﬂ;N--;
+“3Nm—l+ “ﬂn-h

where the subscript '‘m" refers to
months. This equation must be mod-
ifiz] to permit the coefficients to vory
over tima.and to insurs that all of each
pericd’s new orders utlimately result
in shipments. To achiove these re¢-
guirements withont undue complice-
tion of the model and its statisticel
estimuntion o simplification is helpful:
the monthly date should be aggre-
gated 30 & quarterly basis 0 reduce the
namber of terms im tha squetion.
Therelore, let 5 be defined as a var-
isble mensured quorter]ly and be aqual
to the sum of shipments of months
gt =1, pod m—2." Simﬂarlj.
let M, ;. on a guarberly basis, agual
the sam of orders of months “m—3,"
“m—4,” and “Ym—5" and let N,
pqual $he sum of orders of months
“m—§." “m—7," mod m—8." B}rnggm-
gating in this meoner some precizion
is lost, bub the querterly datn include
most of the ordevs of past monthly
periods which geem to influence ship-
ments. The equation con then be
rewritten os

(4)

. An equstion, based on quurtarly doko, Eneortornting
fixed conilinisnts way sitlmcbed. Tha reoults abialned wees
vk o Jinttl 3 thern tart ook e varinble cocMiaunt modd.
Theso Tottor ramlty i lound i aquathon {83 elgm.

7. "Thig 18 ook 0o Bay £lrit ordars kor somes bypes of machin-
erF —powit-plant. Dickiraiors, or w ddinpapoarsbug, parpe—
moy nol Lsbo more tusn 7 or kg9 theo 4 mooths b O,
Bosher, We bedum) uncomenc (3 the svsregs thme emmmcd
from b plsecinent of ordore Ls ghipments of nil bypea of
muchlwry aod squipment.

Si=a N, 4ol
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The variable coefficionts

Tha next step is to provide for varia-
tion in g and ef It will be recallad
that variations ariss bevanse of changes
in the lengih of time batween the receipt
of an qrder and the start of work on it
and changes in the amount of produc-
tion time required to produce an item.
Both types of changes appear to be
reflected in the ratio of unfilled orders

to shipments (%) Thus, the use of

this ratic ns o varisble explaining
changes in the coefficients seems to be
suggesiad.

The velationship bamangm the

cosfficients should be such as to make
ey tise relative to e, when g rises. ‘Thiz

iz the aquiralent of meking A,_; mors
impgreant than N,_, in axpluining ship-
ments in “1.* In other worde, when
becklogs rise reladive to shipment levals,
recently recsived orders pila ap and
shipments will tand &0 consist of orders
received in the more distent past. The
reverse, of course, is trus when unfilled
orders fnll relative to shipments,

Ta incorporata this varinkion into tha
equation first nssume that

o, = th (g)‘_l-'

Notice that the subseript “#7, on a,
is now needed sinee & will take on
different values in each time period.
It iz possible to make o, depend on

()

Ein the same way a8 «. Howavar,

this would not insure that 100 parcant
of u period's new orders ragulted in
5h1pments When INV,., becomes N, ,,
in period “t41" it will have the co-
efficient oy o41- I L "I and atn 41 SN
be constreined $o add to ona, then

#. An opplicothn of & vertable roeBcioit mdel o0 Do
found fn Bdword Clrecnberg, * A Stodt Adpetimenl Tnvel-
megk Model,” Esanimnron Yol 32, Mo, 3 (July 164,
pages XM-RF7. Mr. Grosnbarns peidel incormporoles oo
turinkie ealladent whke by made to depeod i srarol pata-
vamk vecisbies, Tn Wb oridck o meds B odercieped which
Inerporaled Lorn anch coolllekarts writh an ssnumoed Letorm-
Iotlenhip.

[4)
@, Ol Tolntionstips Labwoon o aod T conld hova hom

gpeeiled, The Mewr roldonshlp wsed lae seaw o bo
ronsoonide wwd wad conwambenk Lo uss  The So0I0RnE L
vy losarted ko porsadt the relostlon ol apy dopariiess from

Bkt priportionallly hotwae v 2nd Z-
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100 parcent of each period's orders will
result in shipments. Thersfore, sab

a5 qu=IL—a, , Sinee &, s equal t0
substitute thiz expression

ot ﬁ(g)
for a;,,. This yields

o, 14.4=1 "[ﬁﬁﬁ‘ (g):--]'

Then one period earlier,

® ay.=1 —[ﬁo-l-ﬁi (%);-n]

There now exist expressions for both
ay; and &y, which can be substitubad
into the origined equation. This yields

Y O
(frea §), D

This ¢an be rewritien as

SmboN it B (Z)  NeohNece

_ﬂlNl-!-ﬂi (E , HN;_z.
Coilecting terins yialds
SI=IB'U[N#-1_NI—E]+ﬂ1[ E‘- _ N

~(3) _wrow.

Tha two terme in bracketa are
changes betwesn time pericds which
can be represented by A's. Then the
finel equntion $o ba estimated is

{7} 3:%+Eomx-l+ﬁlﬁ (g -.lll"i?-)‘_1
+ﬁDN|—!+ﬂ';-

The terin wg 15 & constant term ineluded
to reflect ony systematic departures
from the hypothesis. The term AN, ,
ia the difference hetween new orders of

A 1™ ] E— 2, Similnrl}r, ﬂ(%N
=1

iz the difference bstwean the producs
of the unfilled orders (end of pariod)-
shipments vatic and new orders for
period “4—1" and "4—2%, The develop-
ment of the model shows & coefficient
of one on M,_;. However, n coefficient,
B;, which ean differ feemn one was
introduced instead in ordar to reflect
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possible departures from the underlying
theory which cannot be assumed to
hold rigorously.™ The wu, are random
disturbances introduced becanse in the
real world the equation cannot be ex-
pected to hold exactly in all time
periods.

The equation was fitted to the 45
quarterly observations from the third
quarter of 1053 through the third quar-
ter of 1964. The shipments and new
orders variables, measured in billions of
1957-59 dollars, were derived by deflat-
ing each month’s observation by its
respective deflutor (the BLS wholesale
price index for machinery and equip-
ment) and summing over each ealendar
quarter. The unfilled orders variable
wus obtained by deflating the end of
period stock of unfilled orders by the
average of the price index for the pre-
ceding 6 months. This was done to
account for the fact that, under current
asznmptions, unfilled orders can eom-
prise up to 6 months of new orders.

Results

The eatimation of the equation, using
the ordinary Jleast squares method,
vielded the following results:

(8] 8,=240041.0354N
(6.20) (5.16)

r
—0.300a (S N) 40.717N,_,.
(3.70) (S )H (16.09)

The numbers shown in parentheses are
the ratios of the regression coefficient to
their standard errors (“t"’ ratios). The
ratios indieate that all the estimated
coefficients are significant at the 1 per-
cent lavel. The coefficient of determi-
nation, (R¥, the ratio of the explained
varianee in the dependent wariable to
the total variance in the dependent
variable, adjusted for degrees of free-
fom, is 0.868, significant at the 1 per-
vent level. The adjusted standard error
of estimate (SEE) is $0.271 billion which

10. An allamative squation whiuh[tr:an!d have hean prosent-
od I8 S=Niy 'm-!-ﬂaﬂhrm-f-ﬂm( 5N), Hue Bybeiaging

Ny-p to thi left-hand side of the equation, (= coefiolent i con-
stealned toequal one.  Under this drsamstanes the estimata
ol tho constant form oy should be zero.  Actually thisequation
was estimated and o, turned out to be small and not slgnif-
cantly different from sero. However the sguation did not
fit the setunl doto quite o well np the equation o whish
Ny-p appears on the right-hand side with an unconstrudned
coefflclent. An snalysis of the sonstant torm and eoefMicient
of Ni-gobtained fram fitting this equation is contained In the
next section on results,
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indicates that about 85 percent of the
observations during the sample period
lie within $0.542 billion (two standard
errors) of the computed regression line.
{The mean value of shipments during
the period is $8.46 billion.) The serial
correlation coefficient (SCC), measur-
ing autocorrelation in the residuals, is
1.202, significant unfortunately at the 1
percent level,

It will be recalled that the variable
coefficients on the two lagged new
orders terms were imbedded in the
initial equation. These coefficients can
be obtained as follows:
8,—2.400-1-1,035N,_,

—0.3004 @N) +O.717N 3
=1

S, =2.400+1.035N,_,—1.035N,_;

7
—0.300 (Jﬁ)r_lN"'

+ﬂ.3£m<%) N, _:4+0.717N , 3;

S,=2.400-+ 1.035N,_,—0.300 (%)I_IN,_1
—1.035N,_s-+0.717N_
+0.390 (% N
(%)
3.:2.409{1.035—0.39& (%)I] N

+|:—-D,315'|'ﬂ.3ﬂﬂ (E) ] N, s
o P
The terms in brackets in the last

How the Variable Coefficients Change
With Unfilled Orders- Shipments Ratio (%)

for Machinery and Equipment Industries

As § increnses, a ) decrenses
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equation are estimates of o and a,
respectively. In chart 15 each of the

estimates iz plotted against % It
can be seen that o, varies inversely
with IS—I This implies that the greater

the backlog of orders relative to ship-
ments, the smaller the amount of new
orders of “t—1" which will be filled
in “t". It can also be seen that as

varies directly with - This indi-

cates that a high ratio of % results in

an increase in the proportion of ship-
ments in “t" attributable to new
orders in *“#—2."" This iz understand-

able since the high % resulted in the

filling of a small part of the new orders
of “t—2" during the preceding period—
ft—1." The combined effect of the
two coeflicients is to lengthen the lead
of new orders over shipments when the
backlog of unfilled orders is high, and
to reduce the lead when unfilled orders
full relative to shipments.

In addition the coeflicients «, , and
oy, 111 always add to a fixed constant.
This constant is 0.717, not the 1.0
originally specified. This is due to the
fuct that the constant term in the
regression equation adds $2.409 billion.
The ratio of the constant term to
average new orders of “1—2" during the
sample period is 0.289, which, when
added to 0.717, totals approximately
1.00. Thus, while the introduction of
a constant term somewhat modifies the
underlying theory, both the constant
and the computed coefficient on N.s
together meet the original assumptions
for the period as a whole.”

In chart 16 actual shipments and the
computed values obtained from use of
the equation (8) are presented. The
“fit” of the computed to the actual
values is quite good, as could have
been expected from the interpretation
of the various statistics of the esti-
mated equation. However, closer ex-
amination of the chart reveals that the

11. That the estimstes of ey and 8y yleld resalia, for the
period ss w whole, which are squivalnt to o coefficlent. of
one on V-3 may be seen below, where Ne—g s the mean valae
of the varinble during tle sample period:

anrieN = (TN -1 2400717 Vi=g= (T i=12

AN Nea_ o,
el

0, 28840, 717 = 1006




March 1985

equation misses turning points. Actual
shipments change direction one quarter
before computed shipments, except at
the trough of the 1953-54 recession
when computed shipments turn up 3
months before aectual shipments. Of
course, because the equation fits the
data so well, the difference between the
computed and actual values of ship-
ments is quite small even in guarters
during which the series have moved in
opposite directions. In the fourth
quarter of 1956, for example, the differ-
ence between the two values is only 837
million, despite the fact that actual
ghipments were rising and computed
shipments were falling. Similar situa-
tions are apparent in the third quarter
of 1957 and the second quarter of 1961,

Modifications of the model

It is difficult to assess the estimated
equation. The fit of the squation is
good but, at the same time, the equation
does not reflect turning points. The
turning point difficulty does limit the
use of the equation although the good
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fit still permits foracasts to be made if
predicted turning points are earefully
interpreted. Even if the equation is
not considered suitable for forecasting,
it does not follow that it is not useful
for studying the orders-shipments re-
lationship since it does explain an ex-
tremely large percentage of the overall
variation in shipments, Nevertheless,
further tests are in order to determine
if & better equation can be developed.
There are several reasons why both
the model and the data on which the
estimated equation is based may fail
to depict fully the relationship between
orders and shipments. The specifica-
tion of the model has four possible
shortcomings, First, the variable coef-
ficients in the model were not con-
gtrained to prevent computed shipments
from exceeding the shipment ecapacity
of machinery and equipment producers.
However, the omission of a capacity
constraint apparently affected the re-
sults only around the 1956 shipments
peak. If it is assumed that the $9.1
billion of shipments in the fourth
quarter of 1956 called for output at
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virtually full capacity, then the com-
puted values for the third quarter of
1956 and the first quarter of 1957
exceeded capacity. If a constraint
were imposed, the two peaks in ship-
ments, in effect, would have been
flattened out along the capacity ceiling.
This would have served to defer the
downturn even more than one quarter
since computed shipments would be
forced to edge up along the capacity
ceiling until the new orders accumu-
lated because of the capacity constraint
were worked off. In no other time
period do computed shipments exceed
what could be inferred as the capacity
of the machinery and equipment pro-
ducers.® Thus, the omission of capac-
ity constraints in this aggregative model
ghould not bias the results very much.

The gecond shorteoming of the strue-
tural model is that it fails to take into
account the level of finished goods in-
ventories (for which data are not avail-
able) and their use in filling shipments.
Greater- or less-than-normal reliance on
inventories to meet new orders will re-
sult in a shortening or lengthening of
the lag between orders or shipments.
However, since changes in the lag due
to any factor are reflected in the ratio
of unfilled orders to shipments, it can
be argued that the effects of acenmula-
tions and liguidations of finished goods
inventories are implicitly accounted for.
Also, there is not much production for
stock in the machinery and equipment
industries. Thus, the failure to treat
inventories explicitly does not seem (o
be an important shorteoming of the
model.

The third shorteoming of the model
relates to its inability to adjust for se-
vere raw materials shortages—actual or
anticipated—such as those associated
with strikes. The model continually
translates orders into shipments. Some
materials shortages which are not severe
enough to change the basic lag structure

12. It |s sssumed that any incresse in eapacity from the
foarth quarter of 1856 to the first quarter of 1057 was insuffi-
clent to satlsly tha level of shipments computed for the
Iatter quarter, but this sssumption iz not necessary for the
point to hold.

18, Even theugh eomputed shipments exoeeded actusl
shipments st tha peak in 1050-60, computed shipments wern
atill below the peak petual shipments in the fourth quarter
al 1958,
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are accounted for by % However, a

prolonged strike in an industry such as
steel, for example, can result in length-
ening the orders lead to three, rather
than two quarters and in sharply re-
iducing shipments during the actual
strike. The model would not zense
suech an oceurrence and therefore its
effect would not be felt on computed
shipments. Computed shipments rose
in the third quarter of 1056, while ae-
tual shipments edged down, probably
becanse of the H-week strike in the steel
industry in July and Auvgust of that
year., Computed shipments rose in the
fourth quarter of 1959, while actual
shipments declined. Again, the steel
strike which extended from roughly
mid-July to mid-November, was prob-
ably behind this contraction in actual
shipments. These instances suggest
that the impactz of strikes or other
“shoeks" on the economy should be in-
14, Bome renders may be familiar with the ussof “dammy’
vurfables in regrossions o aconunt for iregulne behavior,
Im the case of aerlkes, such voriables could be vl o eden
umasunlly lnrge inereases n orders in anticipation of & strike,

aavill il ghook impasd on the pentinmy when eitlser o sirike
oeours or un expected strike does not materialize.
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corporated in the model.® Certainly,
a forecaster making use of the equation
would judgmentally correct predicted
values for an event such ns & strike.
The fourth shortcoming is the possi-
bility that the lag structure was
improperly specified. It will be re-
called that chart 13 seemed to indicate
that new orders led shipments by from
4 through 7 months, However, turning
points in the monthly orders and ship-
ments series were difficult to pin down
specifically because of the presence of
random movements in both series. In
addition, the use of calendar quarter
aggregates introduces some lack of
precision, as rvecognized earlier, even
though most of the relevant monthly
shipments figures are included in the
two, lagged, new orders variables,
Because actual shipments frequently
lead computed shipments at turning
points, it may well be that the lag
structure of the model was somewhat
improperly specified. TIn the develop-
ment of the model estimated above the
months of new orders included were

thfﬁﬁ ﬂf um_:],n “ﬂ"i-""’"";” -ﬂﬂd “m.—ﬁ"
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(in the term N ._;), and “m—6," “m—7,"
and “m—8" (in the term N,_,). When
the variable coefficients are equal so
that N,_; and N,_, are weirhted nquaﬂjr
the average implicit lag is 4.5 months.
Suppose the “true” average lag was
actually one month longer or shorter
than that used. Then it would be
appropriste to sum new orders into two
quarterly variables covering “m—4"
through “m—9" to lengthen the lag, or
covering “m—2" through “m—7" to
shorten it.

Both possibilities were tested and the
shortening of the lag by one month
yielded better results than lengthening
it. When the lag i3 shortened some
overlapping occurs. New orders of
quarter “t—1"" include those of month
“m—3" and shipments of quarter “§"
include those of month “m—3." There
is nothing inherently wrong in this lag
structure. The measure of its validity
is the degree to which the results it

produces conform with the real world.

The equation (10) below was esti-
mated incorporating the new, shortened
lag structure. In this equation the
sﬁscﬂpt “t" refers to calendar quar-
ters and the subscript ‘s to quarters
composed of the last 2 months of one
calendar quarter and the first month

of the next. The equation is

(10) S,=1.456+1.045AN,_,
(4.24) (8.73)

—0.6424 (L_;N) +0.825N,_s.
(7.48) =1 (20,76)

Again, the numbers shown in paren-
theses are ratios of regression coeffi-
cients to their standard errors. These
ratios indicate that all regression coeffi-
cients are significant at the 1 percent
level. The Tgis 0.921, significant at the
1 percent level; the adjusted standard
error of estimate is $0.200 billion,
and the serial correlation coefficient
is 1.573, indicating significant serial
correlation at the 5 percent level.
Shipments, computed from the equa-
tion (10), are plotted together with
actual shipments in chart 17. Aside
from fitting the actual data better than
those of the previous equation (8), the
computed values change direction si-
multaneously with the actual values in
a greater number of cases than in the
previous equation. Unlike equation

1
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»(8), directional changes in the actual
values and values computed from equa-
®iion (10) coincide in 1056-T, 1955-11T,
o 1065-1V, 1059-1V, 1863-1, and 1964-1.
In all, the new equation (10) yields
results which coincide with actual
amovements in 7 of the 13 tuming
points in the shipments series. How-
*ever, while the second equation (10)
seems to provide a better forecasting
framework it is not possible to infer
| unequivocally that its lag better reflects
4the nature of the relationship between
orders and shipments.

ll’mpuct of canceled orders

A Apart from the foregoing short-
. comings which relate directly to the
gpecification of the model there are
*other factors which might explain
gome of the departures of computed
from actual wvalues. One of these is
the lnck of information on the cancel-
, lation of orders, The new orders
‘aerim is ealeulated net of eancellations,
since it is computed by adding the
gchange in unfilled orders to shipments.'s
Thus, if a eancellation out of the pre-
ceding months’ orders oceurs during
the eurrent month, new orders of the
current, not the preceding month, will
reflect the ecancellation, If ecancel-
lations were the same amount from
month to month no error would be
$ntroduced into the model through the
new orders data. Each period’s new
orders would be lower by the amount
of the preceding period’s caneellations
charged to it, but higher by the same
amount because eancellation of the
fcurrent period’s orders would not be
reflected. Asgume that this had been
the cuse during the expansion phase
of & ecyele. Assume further that in
» the first quarter of contraction there
was an increase in the cancellation of
®orders which had been placed in the
last two quarters of the expansion.
Thus, these latter two quarters of
orders would be overstated while orders
#in the first quarter of contraction would
be understated. The model would
Mranslate the overstated orders of the
lnst two quarters of expansion into

18, Maonufecturers' Shipments, Inveniories, ond Ovders:
17-83 (Fovised), page 13, Bureay of the Census, U5,
Department of Commerce, Washington, D.C. Ths naw
* arders series ks deelved from seasanglly ubndjusted dats,

Afier ench sorles is Independently sensonnlly sdjusted new
i orders oo bongner meed equnl shipments plua the change in

unfilied ofders. The differcties i uoslly small,
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shipments during the first quarter of
contraction. Thus, shipments would
be too high in the first quarter of con-
traction, This might explain why the
model results do not turn down when
actual shipments do. The same logic
can also be used to explain a lag at
the trough, particularly if the con-
traction phase is short. While failure
to account for canceled orders seems
to be a plausible explanation of missed
turning points, there is no readily
available remedy for this deficiency
in the data.

Calendar versus nonecalendar
aggregates

Another possible shorteoming of the
model is the way in which the quarters
were combined from the monthly data.
The wvariables were based on calendar
quarters, i.e., January—March, ete, As
alternatives, three-month totals could
have been built up by starting with
February or March., Data were com-
piled using one of these alternatives—
beginning with February. Thus, for
each variable, the four quarterly ob-
servations are February-April, May-
July, August—October, and November—

CHART 18
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January, These daeta, used to re-
estimate the orizinal model (7), yielded
the following results:

(11)  8,=1.605-+0.066AN,_,
(3.98) (6.50)
rr
—0.5004 (E N) 1+u_:::rmu'~.?,__,
(4.68) = 16.23)

where the subseript ‘¢’ denotes guar-
terly aggregates based on a different
time period, i.e., February-April, ete.
Equation (11) is slightly better than
equation (8): the R?is 0.887 as com-
pared with 0.868 in the first equa-
tion. The adjusted standard error
of estimate is $0.260 billion versus
%0.271 billion for the first equation.
The most notable improvement is in
the serial correlation coefficient, which
is 1,568, still significant but only at the
5 percent level: the coefficient of serial
correlation was significant at the 1 per-
cent level in the first equation. As in
equation (8) all regression coeflicients
and the constant term are highly signif-
ieant, Directional changes in ship-
ments computed from equation (11)
coineide with actual changes in two
more instances than in equation (8),
but a large number of changes remain
unaccounted for.

On balance, the difference between
the two equations seems minor, The
small difference between the two seems
to suggest the obvious point that some
precision is lost in eapturing a lag strue-
ture when the time over which each ob-
servation is measured is lengthened.
However, the loss in this case seems
small enough to be overlooked, in view
of the simplicity with which the vari-
able coefficient model could be de-
veloped by using two quarterly lag
terms rather than four or more monthly
lags,

Price deflation problems

Another factor which eould possibly
have contributed to the difference be-
tween actual and computed values of
shipments is the method of deflating
the orders and shipments wariables.
Both series were deflated by the value
of the index at the time period each
pecurred.  This assumes that orders
are placed at prevailing prices but that
these prices may be changed when the
orders are shipped. But it is also
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possible thot price chenges are firas
put inte effect at the ordering stage
and thot the price nt which the order
iz placed prevails at the time of ship-
ment, II this is the case, then the
portion of orders of "t—1* and “t—2"
which will be shipped in 't" should
have been deflated by the index for
“i2r % Failure to do 80, in 2 pericd of
rising pricea, results in an oversstima-
tion of the physical volume of orders,
causing an oversstimation of the phys-
ical volume of shipments. If pricea
kave rizen, but at a uniform rate, then
the upward bias in shipments will be
constant over time and will be re-
flegkad in the constant term of the
eqguation. If the rate of price changa
varies (s, of coursa, it has) then tha
constant term will not reflect greater-
or less-than-normal price changes and
the resulting esiimates will anifer.

To cerrect for this poseible defect an
additional variahle wee introduced:
tha change in the wholesale price index
for machinery and aquipment over the
preceding twoe guarters (WE—
WPI, ;)" This variable substantinlly
improved all three egqustions which
have beetn presemted. The equation
whioh yrelded the best fit alter intro-
duction of the price varisble was the
one with the shorter lag stractara (10].
This squation gave the best fit of all
throe equntions (8, 10, 11) before the
price variable waa introduced. The
new equation is

{12) §,=1.47540.843AN,,
{4.92) (3.73}

(r
- 0. 5784 N
(1.53) (5

40,835,
-1 (24 (13}

—'301{“‘??11— WPI:,-!}
(3.72)

SURVEY OF CURRENT BUSINESS

The R®is 0.840 and the adjusted stand-
ard error of estimate i3 $0.183 billion.
The introduciicn of the variahls served
to eliminate virtualy all saxinl correla-
tion {periel correintion coefficient=
1.985), the presence of which may reflect:
the otnission of & variabla. The minua
pign on the price variobls conforms
with expectetions. Ti serves to reduce
shipments (when prices are rising)} to
compensate for the oversiatement of
orders resuléing from the u=e ol &
deflator which is toc low., The stotisti-
cal significance of the regression coef-
ficiens on the price change variable is
oo indicnéion thet in on important
pumber of ceses price increases are
applied to incoming orders and ship-
ments pre mude at the price reflected
in the orders,

Whils the fit of the equation is im-
proved, the equation performs slightly
less well at turning peints tham it did
without the price change varinble.
Furthermore, the introduction of the
price change voriable prevents the use
of the equntion for forecasting purposes
unless an independent estimate of WP,
is mads,

Thus far, four equations {8, 10, 11,
wnd 12} have been presentad onnd
apalyzed. A  further test of each
equation, velating to its obility to fore-
cast chipments, can ba performed.
This test is o omit observations dor
the more recent perdod, to resstimate
each eguation for the now shorter
pertod, and to forecast the omitied
period with ench of the aquations.

1 Thin ookl b heirs bean puoodh]s o ce anly aier the
eoatinn vt aatimnkid ereid the Doathong of ordwe of 4—1'"
wod "{—3" hare tesn determined. Thos, while the latlar
mathod sono prbedbly, I8 cowld not Wave hem sipiied
Imiliadlyp,

17, Al trisd, But with lem sucosm, wou BRI~ WFL..
Bjron N appeors By e aquatien the Mcludon of FFH—
T FPiva |5 mans logleal.

|
March 1964

Thesa forecast shipmenta can ihen be-s
compared 1o the aciunl shipmente for
ench equation o see which performe®
beat. The resulta of this experiment, .
omitting the last eight gearterly oh-
servations, for the three equetion= n
which the dependent veriabda is ship-+
ments o & calendar quarter appear in
chart 18.* The vonstent serm of ench"
equation was adjusted so thad the.
shipmenty’ values computed by the
equationa would coincide with aotual
shipments in the third quarter of 1962~
the “jump-cff” quserter for the fore-
caets. Equetion (8F) is the cetimnte™
of the origing]l model; equation (10F),
the model with the leg shortened by
1 month; and equation {12F}, with the
shortened lag and the price change varl-
sble.”® This Iast squetion, which wae
the best equation when all 45 obseres”
tiong wers iocloded, pives the beat
foreonst of the 1962-TV—1964-T1T pe-
riod, All three forecasts show a decline
in 1963-I. Since sctual shipments fell +
in 1982-IV, th® decline in predicted
velues in the subsequent quarter reflects”
the tendency of all equations to lag
one quarter in Tesponding to directional
chooges. However, for equations (10F)
snd (12F) the further decline computed
for 19631 is quite small, pmeunting to
$9 million and $28 million, respectivaly,
48, Thathrrsequstinns wiise Freessts ol 102V —-1pok- 113
ard plotted Io ohart 18 follewr': o
o SeRa (). s

Tamp.g4n, FEF=0.211, SO0m]. 004
o s e (. g

Tt miL 575, BEE il 100, BOC wl b ¥
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